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Introduction
Environmentally sustainable development is a core national and global issue. But what criteria should be used to decide whether a nation is on a sustainable path?
Sustainable development according to the Brundtland Commission is development that "meets the needs of the present without compromising the ability of future generations to meet their own needs" (World Commission on Environment and Development, 1987) . National accounting measures such as GDP fail to address several critical dimensions, including environmental sustainability of production and consumption (e.g., van den Bergh, 2007) . Research progress in environment and development economics has generated a variety of aggregate indicators to evaluate and monitor sustainable development. A critical question is whether these indicators are able to sufficiently capture the multidimensional nature of sustainable development and identify and rank nations accordingly. A related and important question is whether any of these indicators can identify if all nations together are consuming the eco-system resources at a sustainable level. The purpose of this paper is to critically examine what aggregate measures say about the status of nations and of all humanity in terms of sustainability.
The paper is organized as follows. Section 2 explains the various indicators reflecting sustainability. Section 3 undertakes an empirical analysis in identifying and ranking 'sustainable nations'. Section 4 offers policy implications and concluding remarks.
Aggregate sustainability indicators
Many indicators have attempted to capture the various dimensions of sustainability. They vary in terms of sub-components as well as the way these are combined or aggregated.
Prominent among these aggregate indexes are: Genuine Savings (GS), the Ecological Footprint (EF), the Environmental Sustainability Index (ESI), the Genuine Progress Indicator (GPI), and the Index of Sustainable Economic Welfare (ISEW). Other wellknown indexes are HANPP (human appropriation of net primary production) proposed by Vitousek et al. (1986) and the Wuppertal Institute concepts MIPS (material input per unit service), TMF (total material flow) and ecological rucksack which sum direct and indirect material use (measured in kg) in production, including land removal in mining (Schmidt-Bleek, 1993) . All these indicators rely on some type of reduction of multidimensional effects to a single unit, be it money, energy, kilogrammes or land area.
This has been criticized as assuming commensurability of values (Martinez-Alier et al., 1998) or as reflecting some specific value theory (e.g., land, energy or weight value theory) (van den Bergh and Verbruggen, 1999) .
While the EF is derived mainly from environmental science, GS, ESI, GPI, ISEW combine environmental with selected macroeconomic and social indicators.
Though conceptually seem useful (e.g., Lawn, 2003) , no comprehensive data are available across many countries on GPI and ISEW. Moreover, GPI is structurally based on EF components. The material indicators MIPS and TMF are too crude, narrow and indirect to capture environmental effects broadly in an accurate way. Moreover, GS has received considerable interest as it was developed at and published by the World Bank, EF has been marketed extensively by World-wide Fund for Nature International (WWF), and ESI has been supported by World Economic Forum. We therefore limit ourselves to a comparison of GS, EF and ESI in this paper. In addition, comprehensive data are available for them for a large number of countries over many years. The nature of these indicators is briefly discussed below.
(i) Genuine Savings
The World Bank (1997) proposed the original genuine savings rate. It has been modified in subsequent years (now re-named Adjusted Net Saving) and is currently calculated as:
where GS is genuine savings rate, GDS is gross domestic savings, D p is depreciation of physical capital, EDU is current expenditure on education, R n,i is the rent from depletion of i-th natural capital (energy, mineral and forest depletion are included), CO 2 damage is damage from carbon dioxide emissions (currently estimated as US$20 per ton of carbon times the number of tons of carbon emitted), and GNI is gross national income at market prices. PM10 damage is based on the estimate of particulate matter less than 10 microns in diameter for all cities with a population of 100,000 or more and is measured using willingness-to-pay to avoid mortality due to particulate emissions (World Bank, 2007) . GS is based on 'weak sustainability', which assumes perfect substitutability between physical, natural and human capital. A negative GS value implies that welfare is expected to decline in the future. GS has ranked Fiji at the top of the chart with a genuine saving rate of 38.6 followed by Namibia (34.1), China (31.8) and others. USA also is considered to be on a sustainable path with a genuine saving rate of 3.0. Thirty three countries, including several developing countries, are noted to be on an unsustainable development path. The poorest performers are Chad at the bottom with a genuine savings rate of -58.4, followed by Uzbekistan (-47.9) and Republic of Congo (-47.4).
(ii) The Ecological Footprint
Proponents of 'strong sustainability' argue that natural capital should be considered separately from economic capital, because at critical stages overuse of ecological assets can not be compensated for by economic assets. In line with this thought, Ecological footprint analysis looks at whether nations are living within or beyond their biological capacity. The Ecological Footprint is a measure given in global hectares (that is, hectares of' biologically productive space with world-average productivity') that 'measures how much land and water area a human population requires to produce the resources it consumes and to absorb its wastes under prevailing technology' (Wackernagel and Rees, 1996) . Ecological Balance can be stated as:
If total footprint (FP) exceeds total biological capacity (BC), then the nation is running an ecological deficit; if BC exceeds FP, the nation has an ecological reserve (WWF) et al.,
2006; Wackernagel and Rees, 1996) . Six categories are taken into account; cropland, pasture, forests, fisheries, built space and energy. The footprint varies in proportion to population size, consumption per capita and resource intensity of prevailing technologies. The Living Planet Report 2006 allocates about 1.8 global hectares (gha) per person to ensure sustainable consumption, given the Earth's productive land and sea space as well as available technologies. The ecological balance is highest in case of Gabon (17.8) followed by Bolivia (13.7), New Zealand (9.0) and others. The bottom level performers are UAE (-11.0), Kuwait (-7.0), USA (-4.8) and others (see WWF et al., 2006) .
(iii) The Environmental Sustainability Index (ESI)
The Environmental Sustainability Index (ESI) was developed by the Yale Centre for Environmental Law and Policy (Bisbort, 2003; YCELP et al., 2005) . It uses 76 data sets (e.g., natural resource endowments, pollution levels, environmental management efforts etc) integrated into 21 indicators (I), with each indicator given an equal weight (w). For this paper, we have arbitrarily chosen an ESI score in bottom two quintiles (that is, an ESI score of 46.2 or less) as a reflection of unsustainable development.
Empirical analysis and policy implications
Here we compare the three indexes. The frequency distributions of these indexes for the various countries are shown in Figure 1a Both GS and ESI reflect bias towards advanced economies and seriously fail to adequately account for consumption of global commons and accumulation of ecological debt (Simms, 2005) . EF on the other hand, considers depletion of natural resources as the central element of sustainability and states that from a global perspective, humanity's consumption has exceeded the Earth's carrying capacity by 30%. It argues that, unless lifestyle changes are seriously changed and consumption of global commons brought down to sustainable levels, humanity at a global level will remain consuming at unsustainable levels. However, at the country level the estimates can yield misleading results as profligate countries may still show an ecological surplus thanks to a well endowed resource base (e.g. Australia) while prudent countries may still reflect ecological deficit because of a poor resource base (e.g. Moldova). The ecological deficit/surplus indicator reflects a close to autarkical normative perspective: each country should stay within its ecological capacity defined by its political boundaries. But the latter are arbitrary from an environmental angle, and deny the reasons of international trade and concentration of activities in space (agglomeration effects). The case of China is strange and disturbing as GS ranks China at the top 3 rd of the list. But EF considers China as one of the few developing countries running ecological deficit and ESI places China as one of the poor performers. Similarly, Bolivia which is ranked as a top performer (2 nd by EF and 19 th by ESI) is registered as a bottom performer by GS (10 th from the bottom). The largest economy in the world, the USA, is identified as a sustainable nation by GS and ESI, while EF places USA as one of the three worst performers.
The questions of sustainability of humanity's consumption and identifying sustainable nations can not be conclusively answered using the three considered indicators. All indicators reflect methodological and measurement problems, and using each of them to rank sustainable nations or commenting on humanity's consumption may yield erroneous results. Despite the limitations and lack of agreement among the various indicators, it might be worthwhile to check which nations are ranked low according to all indexes, according to EF and ESI, or EF and GS or ESI and GS. Besides the above 11 nations identified as the bottom performers by all indexes, EF and ESI also jointly identify 42 nations as unsustainable; EF and GS jointly consider 14 countries as unsustainable; and ESI and GS jointly view 17 countries as unsustainable.
These nations perhaps most urgently would need to critically examine their economic development and environment policies.
Concluding remarks
Three aggregate indexes to analyze humanity's consumption yield conflicting results. All indexes suffer from methodological limitations: GS can yield erroneous and counterintuitive results: by assuming infinite substitution across all forms of capital, it under weighs the loss of critical natural capital. GS and EDI seem to reflect a GDP bias.
While GS considers all high income countries as sustainable, ESI views all but 5 high income countries as sustainable. Neither GS nor ESI can answer whether humanity's consumption is sustainable and within the limits of the eco-system capacity. EF on the surface seems to suggest that humanity's consumption is overshooting and beyond the Earth's regenerating capacity, but the methodological problems associated with EF can make the estimate unreliable. In particular, the notion that the footprints should remain within ecological capacity as defined by arbitrary national borders reflects an anti-trade bias. A disturbing fact is that only a fraction of 29 countries in the world economy are viewed as sustainable by all three indexes jointly. This may be taken as a suggestion at least that the majority of the nations in the world need to reexamine the environmentdevelopment linkages and policies. Moreover, for many small and other vulnerable nations, the GS and ESI indexes do not capture the vulnerability of nations to humaninduced climate change, whereas the EF does this in a very arbitrary and thus inaccurate way (namely through forestation to capture or compensate for CO 2 emissions). A comprehensive approach taking more realistically account of the consumption of global commons, ecological impact and environmental ethics is needed to track progress towards sustainable development. Correlation is significant at the 0.05 level (2-tailed). *.
Correlation is significant at the 0.01 level (2-tailed). **. 
